The within-litter relationship of fetal weight to fetal serum albumin and alpha-fetoprotein (AFP) was investigated at d 30 to 40, 45 to 50, 50 to 60, 75 to 85 and 90 to 105 of gestation in swine. Regression equations were calculated on individual litters and regression coefficients pooled across litters within each gestational age group. Coefficients for the regression of albumin on fetal weight (#g'mV 1 .g fetus -1 ) were significant over all groups and ranged from 22.5 f 6.6 at d 45 to 50 to .7 + .2 at d 95 to 105. There was no significant relationship between AFP levels and fetal weight at any gestational age. Unilateral ovariectomy-hysterectomy was performed before mating to study effects of uterine crowding on the relationship of fetal weight to AFP and albumin. Although the total number of ovulations was not different from controls, this treatment resulted in only about 1.3 more fetuses/uterine horn compared with controls at either d 40 or 60 of gestation. Fetal weights in crowded litters were not different from controls. However, AFP levels in fetuses from crowded litters were lower than in control fetuses at d 40 (4.5 -+ .1 vs 6.7 -+ .5 mg/ml). Albumin levels in crowded fetuses were significantly lower than in controls at d 60 (342 + 50 vs 653 + 41 ~ug/ml). Because none of these differences in albumin or AFP could be attributed to variation in fetal weight or fetal number at the time of sample collection, it is possible that more extreme uterine crowding earlier in development resulted in these differences. These results demonstrate that fetal t USDA, ARS, Roman L. Hruska U.S. Meat Anita.
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i ntrodUction
Variation in fetal growth and subsequent birth weight can be pronounced in both monotocous and polytocous species. Reduced neonatal survivability, growth and development associated with low birth weights have led to considerable interest in factors affecting fetal growth. Some factors shown in previous investigations to affect fetal growth are uterine space (Perry and Rowell, 1969) , uterine environment (Walton and Hammond, 1938; GregOry et al., 1978) ) genetic potential (Walton and Hammond, 1938) , nutrition (Wallace, 1948; Prior and Christenson, 1976; Hard and AnderSon, 1979; Korimlk et al., 1981) and blood flow to the fetus (Wigglesworth, 1964; Wootton et al,, 1977) .
It has been recognized for a number of years that smaller fetuses have smaller placentas (Eckstein et al., 1955) . In polytocous species, an inverse relationship between the number of fetuses and fetal and placental weights has been well documented (Pomeroy, 1960; McLaren, 1965) . Knight et al. (1977) (Fahmy et al., 1978) . However, reports characterizing specific parameters in individual fetuses that fail to grow at a normal rate are limited, especially in domestic animals. Widdowson (1971) reported less DNA and protein in the smaller organs and muscles of runt pigs at birth when compared with heavier littermates. Westrom et al. (1980) found that of the major serum proteins, only albumin was correlated with birth weight in pigs. In rats, reduced levels of liver glycolytic enzymes have been noted in sm~ll-for-age fetuses (Hommes and Wilmink, 1968) . Alpha-fetoprotein (AFP), a fetal-specific glycoprotein, has proven to be of value as an indicator of fetal maturity in humans (Bergstrand et al., 1972) . It is apparent that a better definition of impaired growth of individual fetuses awaits more information concerning specific developmental events at the organ, cell and gene level.
Recently, the authors reported that the fetal pig liver begins to synthesize appreciable quantities of albumin after d 40 of gestation and between d 40 and 60 there is a sixfold increase in serum levels (Stone, 1981) . Between d 60 and birth, there is only a small gradual increase. Also, a positive correlation between fetal serum albumin levels and fetal weights was evident between 75 to 85 d of gestation and it was noted that small fetuses usually had much lower serum albumin levels than larger littermates. These data suggested that albumin might provide a parameter other than fetal weight that could be studied in relation to fetal growth and development. The objectives of these experiments were to determine the within-litter relationship of fetal weight with albumin and AFP at various stages of gestation and the effect of uterine crowding on these relationships.
Materials and Methods

Animals and Sampling Procedures. Fetuses
were obtained from Large White, Landrace or Large White x Landrace gilts mated to Landrace boars. Gilts were assigned to the following groups: 35 to 40, 45 to 50, 50 to 60, 75 to 85 and 90 to 105 d of gestation. Anesthesia was induced with sodium thiopental and maintained under a closed system with halothane and oxygen. Following exposure of the uterus by midventral laparotomy, fetuses were exposed through a small incision through the uterine wall and fetal membranes. Umbilical arterial blood was obtained from individual fetuses in situ before fetuses were removed and the wet weights recorded. Serum was stored at -20 C until analyzed.
Fetuses designated as crowded were obtained from gilts that were unilaterally ovariectomizedhysterectomized beween d 8 and 11 of the estrous cycle before mating. It has been shown previously that in pigs unilaterally ovariectomized-hysterectomized at mid-cycle, the remaining ovary will compensate by ovulating the same number of ova as expected from both ovaries (Brinkley et al. 1964; Knight et al., 1977) . Piglets were obtained surgically as described above at either d 40 to 60 of gestation from both treated and intact control gilts.
Assays. Alpha-fetoprotein concentrations were determined by radioimmunoassay as described previously (Stone and Maurer, 1979) . Albumin concentrations were determined by radial immunodiffusion (Mancini et al., 1965) . The purification of porcine albumin and preparation of antisera have been described previously (Stone, 1981) .
Statistical Analysis. Least-squares analysis of variance procedures were used to analyze the data (Harvey, 1976) . Partial regressions of albumin and AFP on fetal weight were calculated separately for each litter and the coefficients pooled according to the following grouping: 30 to 40, 45 to 50, 50 to 60, 75 to 85 and 90 to 105 d of gestation. Some of the litters in the 75 to 85 d group had been previously analyzed, except that all litters were adjusted to a common age (Stone, 1981) .
Results
At all stages of gestation studied, a positive (P<.05) within-litter relationship between fetal weight and albumin was obtained while AFP exhibited no relationship to fetal weight (table  1) . Coefficients for the regression of albumin on fetal weight (/~g'ml-l"g -1) were 9.4 + 4.5 at d 40 to 50 compared with 22.5 + 6.6 at d 45 to 50 which can be attributed to the rapid increase in albumin levels relative to fetal weight. The magnitude of the coefficients decreased with increasing gestational age because serum albumin levels were increasing gradually while fetal weight was increasing rapidly. The relationship of fetal weight and albumin in the d 50 to 60 and d 75 to 85 groups is shown graphically in figure 1. To minimize contributions due to age and litter variations, values were standardized so that mean values for each litter were zero. The plot of these values shows that heavier fetuses within a litter have higher serum albumin levels while the smaller fetuses have lower levels. Plots of the other age groups showed a similar distribution, although the number of fetuses at each point was limited.
To investigate the effect of intrauterine crowding on the relationship of fetal weight to albumin and AFP, the unilaterally ovariectomized-hysterectomized gilt was used as a model. Unilateral ovariectomy-hysterectomy before mating resulted in ovarian compensation in all of the gilts used in this study as the total number of corpora lutea did not differ from controls (13.6 + .6 vs 13.1 + .6, respectively).
However, embryo survival was highly variable. At d 40, unilaterally ovariectomized-hysterectomized gilts averaged 1.3 more fetuses/uterine horn than controls. Fetuses from treated gilts did not differ from controls in fetal weight (9.2 + 4 vs 8.5 + .4 g, respectively), albumin (86.1 + 14.3 vs 89.4 +-7.4/~g/ml, respectively) and the relationship between the two was not affected (table 2). Levels of AFP were lower (P<.005) in fetuses from treated gilts than in controls and were unrelated to fetal weight.
At d 60 of gestation, unilaterally ovariectomized-hysterectomized gilts averaged 1.3 more fetuses/uterine horn than controls and mean fetal weights were not different (table 3) . Although severe uterine crowding was not apparent at the time fetuses were collected, both albumin and AFP levels were lower (P<.05) in the treated group. These differences remained significant when data were adjusted for fetal weight. Also, the within-litter relationship between fetal weight and albumin was significant, but similar, in both treated and control groups. If the crowded fetuses were subgrouped according to the number of fetuses/ uterine horn, then an effect of uterine crowding on fetal weight (P<.05) was evident. When arranged in this manner, differences in albumin levels were also apparent, however, these differences could be accounted for by differences in fetal weight between the subgroups.
Discussion
We have extended our previous results showing a within-litter relationship between fetal weight and albumin levels at d 75 to 85 to include other stages of gestation, AFP and the effect of intrauterine crowding. At all stages of gestation studied, a significant positive withinlitter relationship between fetal weight and serum albumin levels was observed, while AFP levels were not related to fetal weight. Before d 40, serum albumin levels were below 100 tag/ml 
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r~ and were not highly correlated with fetal weight. Our initial hypothesis was that if albumin levels were related to fetal weight, then the regression of albumin on fetal weight would be of the greatest magnitude during the time that the fetal liver was beginning to synthesize appreciable quantities of albumin (Stone, 1981) . Regression coefficients of 22.5 and 1.3 for d 45 to 50 and 75 to 85 of gestation, respectively, lends support to this notion. The persistence of this relationship from early in gestation until birth (Ingvarsson et al., 1978; Westrom et al., 1980) suggests that the developmental events establishing this relationship are related to the growth potential of individual fetuses. Also, a rather circumstantial case can be made for a temporal relationship between fetal weight and albumin because variations in fetal weight become more apparent after d 35 of gestation (Knight et al., 1977) . It is not surprising that AFP was not related to fetal weight because in the pig, serum levels change slowly during fetal development and do not decrease rapidly until several days after birth (Karlsson, 1970) . This is in contrast to the human, in which AFP levels decline rapidly before term and can be related to fetal weight or maturity (Bergstrand et al., 1972) . In both the sheep (Lai et al., 1978; Dziegielewska et al., 1980) and cow (Smith et al., 1979) , fetal serum AFP levels decline rapidly before birth, but apparently the relationship to fetal weight or maturity has not been investigated in these species. Knight et al. (1977) showed that intrauterine crowding resulting from compensatory ovarian hypertrophy following unilateral ovariectomyhysterectomy reduced fetal weights compared with controls. Using this model in the present study, the authors were only marginally successful at accomplishing intrauterine crowding and affecting fetal weights compared with controls at either d 40 or 60 of gestation. In the putatively crowded group, however, AFP was lower compared with controls at d 40 and 60; although the difference at d 60 was much smaller than at d 40. Albumin levels in the crowded fetuses at 60 d of gestation were about one-half of those in the controls. Because the differences in either AFP or albumin cannot be attributed to differences in fetal number or fetal weight at the time of surgery, it must be assumed that these parameters were affected by some insult inflicted upon the fetuses earlier in development. Previously, it has been shown that intrauterine crowding resulting from unilateral ovariectomy-hysterectomy (Dziuk, 1968; Fenton et al., 1970) , superovulation (Longenecker and Day, 1968) and embryo transfer (Pope et al., 1972) results in a high percentage of embryo mortality, most of which occurs by d 25 of gestation. In the present study, ovulation rates in gilts unilaterally ovariectomized-hysterectomized were not different from controls; therefore, it is probable that the fetuses were truly crowded earlier in development. Perhaps this resulted in the observed differences in AFP and albumin. These results do indicate that there is not an obligatory relationship between fetal weight and albumin and suggest that AFP levels may be influenced by the number of embryos present in early development. It is possible that liver growth as well as function was affected independent of fetal weight; however, it is generally agreed that liver weight is highly correlated with fetal weight even though liver weight expressed as a percentage of fetal body weight decreases rapidly early in development (Dusay, 1980; Pomeroy, 1960) . It is perhaps relevant that Ezekwe (1981) recently reported that liver weights of newborn pigs were reduced by maternal starvation while birth weights were not affected.
For a process with the apparent complexities of fetal growth, it is logical that the interaction of factors affecting the growth potential of an individual fetus will be at least equally complex. Just as later developmental events are linked to earlier developmental events, insults to fetuses early in development are likely to affect later developmental events. Whatever the underlying mechanisms governing fetal growth, impaired fetal growth can be considered somewhat permanent in swine because postnatal growth (and survival) is also affected (Widdowson, 1971; Hagarty and Allen, 1978) . From the results reported here, it seems that albumin synthesis may provide a reasonable marker to study factors affecting fetal growth. A causeeffect relationship between albumin and growth is not suggeted. However, future studies aimed at the controlling elements of a specific developmental event, albumin synthesis, may provide a basis for understanding how some factors influencing fetal growth and maturation affect biochemical processes at the cellular level. Additionally, it is relevant that as a marker for fetal development, albumin synthesis increases rapldly early in development and is the product of a single gene.
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